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1. 

DOPED PLUG FOR CCD GAPS 

RELATED APPLICATION 

This application claims the benefit of U.S. Provisional 
Application No. 60/809,773, filed on May 31, 2006. The 
entire teachings of the above application(s) are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

A Charge Coupled Device (CCD) is a series of Metal 
Oxide Semiconductor (MOS) capacitors closely located next 
to each other so that signal charge can be transferred from one 
capacitor to the next in shift register like action. For example, 
CCDS may be used in image sensors to transfer photo-gener 
ated signal charges from light sensitive capacitors to an out 
put. 

FIG. 1 illustrates a single-poly, surface-channel CCD shift 
register formed in a MOS or a Complementary Metal Oxide 
Semiconductor (CMOS) process. FIG. 1A shows a cross 
section of an example of a CCD shift register, and FIG. 1B 
shows a plan view of the CCD shift register. The example 
CCD shift register includes three gates, 1, 3 and 8, separated 
by gaps 2 and 7. The gates reside above a gate-oxide layer 4, 
over a region of active semiconductor 5. The active region is 
Surrounded by an isolation region 9. The gap regions are filled 
with a dielectric material. A charge packet 6 is held in an 
inversion layer under gate 1, at the top surface of the semi 
conductor (adjacent to the gate oxide), and can be transferred 
to the adjacent and Subsequent gates. When charge is trans 
ferred from gate 1 to gate 3, for example, it may passalong the 
semiconductor Surface underlying the gap region 2. A typical 
CCD shift register has many gates similar to the three shown 
in FIG. 1. 

SUMMARY OF THE INVENTION 

FIG. 2 illustrates the conditions for transferring charge 
from one gate across the gap to the next gate. Such a charge 
transfer requires establishing an appropriate potential profile 
along the semiconductor Surface. FIG. 2A shows two adja 
cent gates 21 and 23 separated by a gap 22, and connections 
for establishing voltage biases on the gates. FIG. 2B shows 
representative surface-potential profiles resulting from Such 
biasing. Gate 21, with charge under it, is biased by applied 
voltage V1 to produce a low surface potential beneath the 
gate. Meanwhile, gate 23, about to receive charge, is biased 
by V2 to produce a high surface potential. The combined gate 
biasing creates a potential gradient 24 at the semiconductor 
Surface from the first gate across the gap to the second. This 
potential gradient drives electrons from gate 21 to gate 23. It 
is critical for the potential profile to be monotonic across the 
gap, as shown, in order for complete charge transfer to occur. 

Because of the thin gate oxide, the Surface potential under 
eachgate electrode is well-controlled by the applied gate bias. 
The potential in the gap is substantially less well-controlled, 
because the distance through dielectric to the respective gates 
is greater from points on the semiconductor Surface in the gap 
than from points under the gates. Equivalently, gate-dielectric 
capacitance is higher for Surface points under the gates than 
for points in the gaps. 

Ideally, the Surface potential in the gap is controlled pri 
marily by the two adjacent gates, with some influence from 
dopant ions in the underlying depletion layer in the semicon 
ductor. When the two gate potentials differ substantially, the 
resulting Surface potential typically grades monotonically 
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2 
from the first gate to the second. Potential profile 24 in FIG. 
2B is typical of these conditions. When the gate potentials are 
similar or equal, however, a potential barrier is formed in the 
gap. Surface potential profile 25 in FIG. 2B exhibits such a 
barrier. This barrier height is larger for larger gaps. 
The surface potential is also subject to influence from 

charges located near the Surface of the silicon, as illustrated in 
FIG. 3. Such charges, 31 in FIG. 3A, can be fixed in the 
dielectric or trapped in Surface States near the semiconductor 
dielectric interface. Beneath gate electrodes the effects of 
Surface charges is Small and can be modeled as a minor shift 
in threshold Voltage. Surface charges in the gap, however, 
have a much stronger influence on the Surface potential in the 
gap, because of the relatively weak control of that potential by 
the gates. FIG. 3B shows three exemplary potential profiles 
32, 33 and 34, resulting from different surface-charge densi 
ties. In the case of profile 34, the surface-charge density is 
large enough to induce a potential barrier despite a large 
gate-Voltage difference. The overall gradient of potential pro 
files 32 and 33 is monotonic, and may therefore have little 
effect on the overall performance of the CCD shift register. 

Fixed surface-charge density and Surface-state density and 
occupancy may differ randomly over the semiconductor Sur 
face, resulting in a random distribution of Surface-charge 
density. Consequently different gaps in a CCD structure may 
have differing Surface potential profiles, such as those shown 
in FIG. 3B. 

The occupancy of Surface states fluctuates in time as well 
as spatially. (This fluctuation, causes the well-known flicker 
noise phenomenon in MOS transistors, for example.) Varying 
surface-state occupancy causes variation of the surface poten 
tial profile in CCD gaps, as discussed above. As a result, 
different gaps in a CCD structure can have randomly time 
varying Surface-potential differences due to Surface-state 
occupancy fluctuation. 
A single-poly CCD structure with gaps, wherein the gap is 

implanted is discussed, as well as a method for providing the 
structure. It should be appreciated that the CCD structure 
need not be a single-poly structure, for example the structure 
may comprising an overlapping of two or three poly devices. 
The structure and method may be applied for all species of 
CCD, gap, channel and electrode dopant. A doped gap in any 
CCD structure may be used to split a charge packet into two 
or more paths. A doped gap and electrode may skim charge 
from a CCD potential well where the desire is to leave a 
fraction of the charge behind. A doped gap in any CCD 
structure where charge flows alternatively through two paths, 
in which the flows must be matched, is also discussed. 
The Charged Coupled Device (CCD), and method for use, 

may include at least two gate structures configured to hold 
and/or transfer charge, and a plugged gap situated between 
two gate structures, the plugged gap further comprising a 
dopant material. 
The plugged gap may be configured to eliminate random 

affects of Surface charges. The plugged gap may comprise 
two plugged gaps, with each gap may be situated between two 
gate structures, a transfer charge may be split between the two 
plugged gaps. 
The two plugged gaps are equally matched and the transfer 

charge may be split according to a ratio determined by gate 
and active-area geometries. Specifically, the transfer charge 
may be equally split. 
The plugged gap may comprise a self aligned implantation 

of dopants, where the dopant material may be a p-type or 
n-type dopant. The plugged gap may also be configured to 
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provide a highly conductive region spanning the entire gap, 
thereby causing a uniform affect of Surface charges along an 
entire gap region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing will be apparent from the following more 
particular description of example embodiments of the inven 
tion, as illustrated in the accompanying drawings in which 
like reference characters refer to the same parts throughout 
the different views. The drawings are not necessarily to scale, 
emphasis instead being placed upon illustrating embodi 
ments of the present invention. 

FIG. 1a is a cross-sectional Schematic of an example Sur 
face-channel CCD shift register; 

FIG. 1b is a plan view schematic of the example surface 
channel CCD shift register depicted in FIG. 1a; 

FIG. 2a is a cross-sectional Schematic of two adjacent 
gates, 

FIG.2b is a surface potential profile of the adjacent gates 
depicted in FIG. 2a: 

FIG.3a is a another cross-sectional schematic of two adja 
cent gates: 

FIG. 3b is a schematic of an example surface potential 
profile of the adjacent gates depicted in FIG.3a, 

FIG. 4a is a another cross-sectional schematic of two adja 
cent gates, according to an embodiment of the present inven 
tion; 

FIG. 4b is a schematic of a surface potential profile of the 
adjacent gates depicted in FIG. 4a; and 

FIG. 5 is an illustration of a charge splitter according to an 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

A description of preferred embodiments of the invention 
follows. 

In typical CCD shift register operation, with typical sur 
face-charge densities, clock amplitudes are high enough to 
produce a monotonic potential profile between gates. Fixed 
oxide charges and occupied Surface-state densities may differ 
randomly over the semiconductor Surface, resulting in a ran 
dom distribution of Surface-charge density. The random dis 
tribution of surface-charge density may produce variations in 
the detailed potential profile in the gaps, such as profiles 32 
and 33 in FIG. 3B. As long as the overall gradient remains 
monotonic, however, normal CCD shift-register operation 
may not be significantly affected. 
CCDs are used not just for shifting charges, however, but 

also for various signal-processing functions. In CCD signal 
processing circuitry, there are various CCD structures in 
which the charge flows between different gate pairs and must 
be well-matched for proper operation. As discussed above, 
variations in Surface charges cause variations in gap potential 
profiles; these variations degrade the matching of charge 
flows between different gate pairs. For the reasons discussed 
above, the resulting mismatch has both static and time-vary 
ing random components. 
The present invention provides a means of eliminating the 

effects of such charges, thus improving the matching between 
different CCD gaps. 

FIGS. 4A and 4B depict an embodiment of the present 
invention. In FIG. 4A, the structure previously described is 
augmented by the addition of a highly-doped region 41 in the 
semiconductor, aligned beneath the gap 42. This region is 
produced by self-aligned implantation of dopants through the 
gap. The doped region is referred to in the following text as a 
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4 
“plug. The doped region may comprise, for example, an 
n-type dopant (i.e. arsenic or phosphorus) in an n-channel 
Metal Oxide Semiconductor (NMOS) structure or a p-type 
dopant (i.e. boron) in a p-channel Metal Oxide Semiconduc 
tor (PMOS) structure. 

FIG. 4B shows the effect of the plug on the surface poten 
tial, with the gates biased as shown in FIG. 3. Because the 
plug is heavily doped, it provides a highly-conductive region 
at the semiconductor Surface which is not significantly influ 
enced by Surface charges. This highly-conductive region 
completely spans the gap, so that the overall structure has no 
region where potential is significantly influenced by Surface 
charges; charge conduction across the gap occurs entirely 
within the heavily-doped plug. Thus the spatial and temporal 
potential-mismatch effects described above are eliminated. 
Using the plugged gap method, the overall potential gradient 
of the two gates and gap (43-45) is monotonic, therefore 
reducing the random affects of the Surface charges. 
The process steps used to produce the plug can be the same 

ones that create the source and drain of ordinary FETs in the 
same process. For example, shallow trench insulator (STI), 
local oxidation of silicon (LOCOS), or poly-buffered 
LOCOS insulations. 

Normal charge transfers in a CCD are termed “fully-de 
pleted.” This term means that essentially no mobile charges 
are left under the originating gate at the end of the transfer 
process. A disadvantage of the plug is that charge transfers 
across a plugged gap are not fully-depleted. Even though 
approximately the same number of charge carriers enter and 
leave the plug during the transfer, a large number of charge 
carriers are present within the plug at both the beginning and 
the end of a transfer. Such a non-depleted charge transfer may 
have two undesirable consequences: (1) the addition of 
“kTC noise to the transferred charge packet, and (2) the 
exhibition of inferior charge-transfer efficiency compared to 
a fully-depleted charge transfer. 

If a complete CCD shift register were constructed with 
plugged gaps, these effects could severely compromise its 
performance. If, however, the plugs are used selectively in 
locations where matched transfers are needed, then the ben 
efits of improved matching can outweigh the negative effects 
of the plugs. 
An example of a beneficial use of plugged CCD gaps is 

shown in FIG. 5. The structure depicted is a “charge splitter.” 
in which a single incoming charge packet is split into two 
outgoing packets, which continue in separate CCD shift reg 
isters. Charge is shifted along the incoming channel 51 (via 
gates not shown) and stored under gate 54 in the Y-shaped 
active area beneath that gate. At the next transfer, charge shifts 
to both gates 56 and 58, via gaps 55 and 57 respectively. If 
these transfers are well-matched, then the original charge 
packet splits into the two outgoing charge packets with a ratio 
determined by the various gate and active-area geometries. If, 
however, gaps 55 and 57 have differing potential profiles due 
to different Surface-charge densities, then the splitting ratio is 
disturbed from the nominal geometrical value. 
A common application of such a charge splitter is to divide 

a reference charge packet into two equal halves as part of a 
charge-domain analog-to-digital converter. In this applica 
tion, the match between the outgoing packets is paramount: 
static mismatch, and especially time-varying mismatch, 
degrade the ADC linearity. Since only the indicated gaps 55 
and 57 require matching, only a single transfer stage needs to 
employ plugs. Moreover, in this application, the charge being 
split is the same at each operating cycle, so imperfect CTE is 
not problematic. 
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Other examples of CCD signal-processing circuitry in 
which the use of plugged gaps improves performance include 
static-double-sampling charge generators and charge-skim 
mers. In a static-double-sampling device the size of each 
sample should be a function only of the applied input signal, 
but due to the signal charge traversing a gap, static and time 
dependant noise is added in with the signal samples. In charge 
skimmers, a fixed amount of charge is removed from the 
signal charge packet at each cycle; however since the charge 
removed traverses a gap on its way to being discarded, static 
and time dependant noise varies the amount being removed. 

In the foregoing description, the transfer of charge between 
two adjacent gates has been described to illustrate the present 
invention. The principle of plugged gaps can equally-well be 
applied to other CCD types, such as 3-phase and 4-phase 
designs. 

While this invention has been particularly shown and 
described with references to preferred embodiments thereof, 
it will be understood by those skilled in the art that various 
changes in form and details may be made therein without 
departing from the scope of the invention encompassed by the 
appended claims. 

What is claimed is: 
1. A method of providing a Charged Coupled Device 

(CCD) comprising: 
providing at least two gates configured to hold and/or trans 

fer charge; 
situating a plugged gap between two gate structures, the 

plugged gap further comprising a dopant material; 
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6 
wherein situating a plugged gap further comprises situat 

ing two plug gaps, each gap being situated between two 
gates, and 

splitting a transfer charge between the two plugged gaps. 
2. The method of claim 1 further comprising preventing 

random affects of Surface charges. 
3. The method of claim 1 further comprising equally 

matching the two plugged gaps and splitting the transfer 
charge according to a ratio determined by gate and active-area 
geometries. 

4. The method of claim 3 further comprising equally split 
ting the transfer charge. 

5. The method of claim 1 further comprising doping the 
plugged gap with a self aligned implantation. 

6. The method of claim 1 wherein the dopant material is a 
p-type or n-type dopant. 

7. The method of claim 1 further comprising providing a 
conductive region spanning the entire gap, thereby causing a 
uniform affect of Surface charges along an entire gap region. 

8. A method of providing a Charged Coupled Device 
(CCD) comprising: 

providing at least two gates configured to hold and/or trans 
fer a transferring charge; 

equally matching at least two plugged gaps via a matched 
dopant material; 

situating the at least two plugged gaps between two gate 
structures; and 

equally splitting a charge among the at least two plugged 
gapS. 


